In this study the impact of aspect ratio on the aerodynamic performances and flow separation behavior were investigated on a model wing made up four different profiles used to the wing of the Boeing 737-Classic aircrafts. The experiments were carried out in a wind tunnel with low speed at different angles of attack ranging from -4° to 40° and at the 2x10 5 Reynolds number on wing models having different aspect ratios (0.7-1.3). It was observed from the experiments and numerical studies that the changing of the aspect ratio affected the drag and lift and flow separation. The highest lift/drag ratio has been measured from the wing having aspect ratio of 1.3 at angle of attack of 7 0 . Moreover, the airflow was flowed as laminar in the areas near the middle of the wing until angle of attack of 24 0 . But, the flow was disturbed at wing tip due to vortex. The separation bubbles have been seen at 24°-32 0 for all aspect ratios. In addition, the increase of angle of attack caused the bubbles form clearly for 1.1 and 1.3 aspect ratios. Finally, the increases in aspect ratio and in angle of attack have been triggered flow separation.
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INTRODUCTION
A significant part of the accidents that occur on airplanes are triggered by different factors during landing or take off and stall which are expressed as the inability of the aircraft to hold in air. The reason for the occurrence of the stall event is that the airflow on the wing surface is undesirably separated and the carrying force holding the aircraft in the air drops below the limits of the balance weight of the airplane. The separation on the wing surface, which is the cause of the stall event, occurs at low speeds and high angle of attacks. One of the most important factors influencing airflow separation is the aerodynamic characteristics of the profiles forming the wing shape. The features of the profiles, such as the hunchback and the thickness, affect the lift force and the drag force of the wing, and therefore directly influence the stall character. Another important parameter that affects the air holding of the aircraft is the aspect ratio of the wing. The wing aspect ratio, which represents the ratio of the wing length to the average wing cord, affects the lift force and the drag force that creates resistance to the movement of the wing. That is why it is an important parameter that determines the performance of the wing and affects the stall character of the wing.
The goal of the performance of the wing aspect ratio is to reduce the stall speed by minimizing the flow separation on the wing, thus reducing the accidents to a minimum by ensuring that the aircraft is held in the air even at very low speeds. Many studies have been made in the literature for this purpose. The effect of aspect ratio on wings aerodynamic performance was experimentally investigated by Makoto Mizoguchi and Hajime Itoh [1] the range of 2.6x10 4 and 7.6x10 4 low Reynolds numbers on rectangular wings. The aerodynamic coefficients measured in the experiments were checked with the visualized flow areas and the theoretical results. After analyses, it was seen that at low Reynolds numbers, the performance of the wings which have high aspect ratio were affected by the separation bubbles formed at the leading edge of the wing. However, for wings having an aspect ratio of 3.0 and above, qualitative properties did not change much. It has been observed that the properties of the wings having an aspect ratio smaller than 3 are very different from those of the above-mentioned large aspect ratio wings. Significant changes have been obtained especially in the wings having an aspect ratio of 1 and less than 1. It was concluded that this AR effect was the result of wing edge vortexes.
In their another study, Makoto Mizoguchi and colleagues [2] have showed the effect of aspect ratio on wing performance and on the stall behaviors of the wings at the low Reynolds numbers (Re=5.2x10 4 ) on the rectangular wings with experimental studies. The leading-edges and trailing-edges of the wings were plain, thus, the chord-wise transversal section of the wing model was rectangular. The cord length and thickness of the wing models having a rectangular planform and flat side edges were 90 mm and 1 mm, respectively. The aspect ratio ranges from 0.5 to 1.5 at intervals of 0.1 and the experimental studies were carried out in the wind tunnel with low speed. Results have shown that the wings having a low aspect ratio are very sensitive to the change of the aspect ratio. It has been observed that as the aspect ratio decreases, the angle which maximum lift coefficient (CL max ) taken is increases. It has also been observed that slight changes in the aspect ratio of 1.0 to 1.3 have caused significant changes in the aerodynamic characteristics of the wings. When the aspect ratio approaches 1.0 the angle of stall had also increased considerably.
Gabriel E. Torres and Thomas J. Mueller [3] investigated lift force, drag force and pitch moment behaviors of wing models of low aspect ratio working the range of 7x10 4 -2x10 5 low Reynolds numbers. As a part of this research the experts investigated the wings having the aspect ratios between 0.5 and 2.0, four different models, 2% thickness/chord ratio and 5/1 elliptical leading edges have been carried out at the wind tunnel. The results have outlined that great nonlinear curves in the lift force graphs, especially for AR<1.25. The high values of maximum lift coefficient and corresponding angle of attack were also found for the models having low aspect ratio. Wing model was observed to have important aerodynamically influences. When AR value was below 1.0 and the angle of attack was high angle, the inverse Zimmerman models was found as the best model between the platforms. The elliptical planforms were found as the best model according to aerodynamically behaviors at low and middle angles for high aspect ratio.
Lance W. Traub [4] was conducted an analytical study to determine the impact of aspect ratio on the efficiency of ClarkY and an SD7062 wing models in low Reynolds numbers. The experiments were conducted in a wind tunnel having low-speed and open-return system. The turbulence intensity of the wind tunnel of 0.5% was measured as 1% and uniformity within the core of the tunnel. The analysis initially was implemented within the framework of a constrained planform area and weight. It was seen that from the results without the inclusion of airfoil pressure drag, wing efficiency increases essentially unbounded with aspect ratio. Also, the results showed that including the effects of pressure drag yielded the appearance of distinct peaks in L/D and C L 3/2 /C D , which migrated to lower aspect ratio as the airfoil efficiency dropped.
In the another experimental study on the influence of aspect ratio, Liu and Hsiao [5] were analyzed the aerodynamic properties of the wing model having different aspect ratios in the range of 1.0 ≤ AR≤3.0 in critical Reynolds numbers (10 4 and 10 5 ). The results indicated that when the aspect ratio was less than 1.6, the high stall angle and twist lift force were clearly indicated due to the nonlinear rising in the curves of lift force. The results also concluded that the flow streamline of wing model having low aspect ratio could be separated into three types of flow characteristics. When AoA value was less than 20 0 , the tip vortex was clear seen near the wing tip and was grouped up by the increasing of the angle of attack. The rising of AoA caused the flow reconnected and constructed the flow. When AoA value reached up to 30 0 , the reconnected of flow was maintained. But, the vortex shedding was disappeared and gradually altered by the large vertical flow.
Another study by Gavin K. Ananda and his colleagues [6] is concerned with examining the aerodynamically behaviors of the wings at low Reynolds numbers. Experimental investigations of ten flat and conical wings with aspect ratio ranging from 2 to 5 were carried out at Reynolds number ranging from 50,000 to 150,000. The tests were experimented in the wind tunnel and the oil method was used for air flow scanning. The results of tunnel tests had displayed that the hysteresis was not monitored on all flat wing models. The values of lift coefficient were measured between 0.55 and 0.7 for all wing models. In addition, when the C Lmax results compare with the result obtained from low aspect ratio wing (AR≤2) tests in literature, the C Lmax values for the low to middle aspect ratio were seen to be minimally sensitive to change in aspect ratio value. It was also seen that in the flat and rectangular wings, the position of the aerodynamic center changed significantly with changing of the angle of attack. For the small angle of attack, while the center of aerodynamic near the quarter of the wing cord, at the high angle of attack (near the stall angle) the aerodynamic center was seen to tend to approach the trailing edge of the wing.
The near and wake flow on the rectangular wings having low aspect ratio (AR=1-2.5) at Reynolds number of 8x10 4 is investigated experimentally by Adam C. DeVoria and Kamran Mohseni [7] . The experiments carried out at the recirculating wind tunnel equipped with digital particle image velocimetry to visualize flow. The results obtained from time-averaged vorticity areas showed that as the aspect ratio increased, the flow separation reached the leading edge of the wing at lower incidence. It was seen that the rising of the aspect ratio values and the specification of the flow separation leaded to the velocity fluctuations. And then, the fluctuations associated with the rear edge shear layer also increased. Due to the reattached flow to the surface of the wing having AR=1.0, the large turbulent kinetic energy were bound to the separation bubbles of the leading edge. Moreover, the increasing of the angle of attack caused the vortices became narrower and more arranged with the model cord.
To determine the influence of aspect ratio on membrane wings and rigid flat test plates Zheng Zhang and colleagues [8] carried out a series of experiments at Re <51,000 and various aspect ratios (0.9-4.3). The membrane wing models were made up from aluminum which its surface was coated by silicone rubber. The three aluminum frames had been 80% of the chord in width and 80% in depth. The fourth frame having 7.62 cm chord, 0.32 cm ribs and 0.21 cm thickness have been formed of 40x80 cell geometry. The tests have been carried out in a wind tunnel having low turbulence. The results obtained from tests showed that when the membrane wing compared with solid flat plate, the membrane wing had been a higher lift slope, stall-zone lift and aerodynamic performance. The values were approximately 15%, 10% and 12% higher, respectively. The properties induced by this membrane continue as the aspect ratio and Reynolds number decrease.
Ignacio Andreu Angulo and Phillip J. Ansell [9] have investigated the impact of the aspect ratio on the dynamic stall by comparing with the performances of the NACA 0012 wing at different aspect ratios (AR=3, 4, 5) with experimental measurements. The experiments were carried out on a wind tunnel having low speed, at two different Reynolds numbers (Re= 4x10 5 , 5x10 5 ) and frequencies k= 0.1 and 0.05. The sinusoidal motion profile consisted of an angle of attack range between 4 and 22 degrees. It was found that the reduction of AR caused a reducing in the unsteady loading of the wing and delayed the dynamic stall duration similar to that viewed for the static stall of the finite wings.
Many of the previous study [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] on aspect ratio have usually been carried out by changing the dimensions of a certain profile or wing. In the current study, the influence of aspect ratio was investigated by changing the length of a wing consisting of four different profiles. In this respect, the present study is different from previous studies.
EXPERIMENTAL SETUP and TEST PROCEDURES
The airfoils and wing combination of airfoil used for present study had rectangular model and flatten edges. The aspect ratio of the wing models varied from 0.7 to 1.3 in increments of 0.1 and the models had 0.21m the chord length. The wing models were produced by gray Polylactic Acid Thermoplastic Polyester (PLA), produced in a 3D printer and the rough surfaces were smoothed with very precision (2500 grit) sandpaper. The performance parameters of the wings were measured in a wind tunnel having low speed in the Aerodynamics Research Laboratory at the Erciyes University Faculty of Aeronautics and Astronautics (EU-FAA). The schematic diagram of the test tunnel is displayed in Figure 1 . The wind tunnel is an open and circuit suction type and consists mainly of 8 parts. These are Flow Canal, Flow Regulator Sieve Flanges, Shrinkage Cone, Test Area, Square -Circle Transition Duct, Spreader, Engine and Silencer. The air flow was flatten by two metal Sieve Flanges and was streamed into multiple screens settled in the intake of tunnel. The flow gets through contracted a 6:1 area ratio and arrived in a test section which have square 0.57 m by 0.57 m inlet and 0.59 m by 0.59 m outlet and of 1.08m length. The test section is closed type.
The operating speed range of the wind tunnel is from 3 to 33 m/s (fan speed 150-1200 rpm) and has high accuracy hotwire and automatic calibration unit. The flow turbulence intensity measured that was lower than 0.1% at range of operating speed [12] . An anemometer with a pitot tube connected was used to find the air velocity inside the wind tunnel that based on the chord length of the wing, which corresponds to a speed of 2x10 5 Reynolds number. The lift and drag forces have been measured by 3axis force and torque meter (Load Cell). The models were supported by a strut to the load cell as shown in Figure 2 . The strut was attached to 1/4 of the wing cord from the leading edge along the center line of the wing. The experiments were carried out at the angle of attack ranging from -4 to the highest lift point. The angle sweep became at -4 degree and the angle increased by 30 deg. with 4 deg. increments. After 30 degrees (if the highest lift point exceeds 30 degrees), the increases of angle of attack were 2 degrees. To fully detect max lift and maximum lift/drag points the angle was moved 1 deg. increments when necessary. After the test results were recorded the wing model was returned to the initial angle for the other test carried out by changing of angle of attack. At each angle change, it was waited for 30 seconds to wing flicker disappear. Recording of force values was continued for 3 minutes. With the loads from the load cell, the A/D Board records 10 values in an each second. Averages of the values recorded for three minutes were taken for every AoA. Each test was performed 3 times and the average of the 3 tests obtained were taken and compared with the numerical results. The uncertainty values of test bench and the experiments are given in Table 1 . 
NUMERICAL SETUP and VALIDATIONS
To estimate the approximate aerodynamic performance, the wing profiles, prior to wind tunnel experiments, were first numerically investigated. ANSYS Fluent version 16.1 for simulation was used including the "coupled" algorithm and the second order upwind for solving of the steady-state Navier-Stokes equations. In order to precisely estimate adverse pressure gradient flows in the flow area on the surface of wing and the transition flow, the SST k-ω was chosen as the turbulence model [13, 14, 15] . Each calculation consists of 1000 iterations. After approximately 600 iterations, convergence was caught with a residue level of 10 -4 .
In this study, the aerodynamic performance of 7 wings, which consisted of four different profiles with different aspect ratios (ranging from 0.7 to 1.3), were investigated. The wing planforms are rectangular and have a constant cord length of c=0.21 m. The specific features of the wing profile are shown in Table 2 . To verify the correctness of lift force and drag force of the wing models, the results compared with wind tunnel tests. Three dimensional mesh models were generated for the wings. The analysis conditions were set to be the same as the wind tunnel experiments. The turbulence intensity is lower than 1%, Reynolds number is 2x10 5 , the temperature set to 300K and the pressure is 101,325 pa. For grid independence; the tests were performed on different cell numbers respectively at 5x10 5 , 1x10 6 , 1,5x10 6 , 2x10 6 , 2,5x10 6 and 3x10 6 . As can be seen from Figure, the elements mesh number of 2x10 6 was provided grid independence. This part summarizes the common observations and discusses crucial features of wind tunnel test results and numerical analyses. In a series of angle of attack ranging from -4° to the highest lift point (the angle varies depending on profile), a performance analysis of four different profiles and a rectangular wing formed from these profiles was performed at low Reynolds number Re=2x10 5 . Significant characteristics such as maximum lift, lift/drag coefficient, lift curve inclination, and airflow behaviors were discussed.
The results of numerical analyses have been validated with the data obtained from experimental tests on the wing model for AR=0.7, AR=1.0 and AR=1.3. Figure 4 shows comparisons of lift and drag coefficients obtained from numerical studies and from experimental tests versus angle of attack at Re=2x10 5 . As can see from the figure, for angles of attack between AoA= -4° and 16°, the numerical data are nearly the same as the results obtained the experiments. But, at AoA>16°, this difference in the coefficients of lift force and drag force were comparatively great, and the differences can be explained by the complexity of the flow structure at high angle of attack. When the figure is examined, it can be seen that the curves of C L and C D show the expected trend with the increasing of the angle of attack. Consequently, the curves obtained the numerical studies are generally quite consistent with the experimental results. 
RESULTS and DISCUSSIONS
The C L /C D ratios versus angle of attack obtained from experiments for different aspect ratios are shown in Figure 5 . As you can see from Figure 5(a) , the highest C L /C D ratio has been measured as 6.85 from the wing with AR=1.3 at AoA=7 0 . Moreover, the highest values for all AR values have been obtained at AoA=7 0 -8 0 . Above these angles, it can be seen that the C L /C D ratios are decreasing with the increasing of angle for all AR values. At the AoA=7 0 -8 0 , which is angle obtained the highest C L /C D ratios for all AR values, the lowest ratio has been measured as 4.35 from the wing with AR=0.7. As shown in the figure, the increase in the AR values generally leads to a rise in the C L /C D ratio between AoA=0 0 and AoA=30 0 . As can be seen that the results are compatible with literature studies [16, 17] . C L values versus C D values obtained from experiments at different aspect ratios are given in Figure 5 (b). With increasing aspect ratio at C L /C D value, while small changes have formed in wings which have AR below 1.1, significant increases have been seen in the wings that have AR between 1.1-1.3. This result coincides with the result of [2] . As can be seen from the figure, high C L values are obtained at lower C D values for AR= 1.3, 1.2, 1.1 and 1.0. But, the C L values are tested at higher C D values for AR=0.9, 0.8 and 0.7. In there, it can be said that the increase in AR values caused a rise in the C L value and a drop in the C D value. The same results can be seen to some literature studies [18, 19] .
The distributions of pressure coefficients (C P ) given with Eq.
[1] versus x/c for different AoA and different AR values at different positions on wing model (z/b= 5, 33.3, 66.6 and 95 %) are shown in Table 3 . When the angle of attack is 0 and 8 degrees, the pressure coefficient reaches the peak rapidly near the leading edge, then, the coefficient decreases quickly along the upper surface for all wing models. Up to the trailing edge of the wing models, the coefficient decreases smoothly and gradually without any separation. This behavior looks like an ordinary action of the static pressure distribution on the upper surface of a profile, as can be seen in some literature studies [20, 21, 22, 23] . However, some fluctuations can be seen on the curves for z/b= 5% and 95% due to the tip vortices.
When the AoA value is 16 and 24 degrees for z/b= 33.3% and 66.6%, the pressure coefficient decreases smoothly and gradually up to the trailing edge of the wing models without any separation. But, when AoA is 16 degrees for z/b= 5% and 95%, the bubbles of separation are seen on the middle and trailing edge of wing models having AR of 1.0 and 1.3 owing to the tip vortices. Moreover, it can be seen that a minor bubble forms at leading edge of wing for z/b= 5%. In addition, when AoA is 24 degrees, the bubbles of separation are seen near the trailing edge of wing model having AR of 0.7. When the AoA value is 32 degrees, the bubbles of separation form at the middle and trailing edge of wing models having AR of 0.7 and 1.0 for all positions. Moreover, the flow separation is seen along the upper surface of the wing model having AR of 1.3.
The P given in Eq. [1] is the static pressure at the point at which pressure coefficient is being evaluated; P ∞ : is the static pressure in the freestream; ρ ∞ : is the freestream density and U ∞ : is the freestream velocity of the air flow. When the distributions of pressure coefficients at z/b= 5% compare with the values at z/b= 95% it can be seen a minor bubble forms at leading edge for the positions at z/b= 5%. Profile a at z/b=5% has more thickness leading edge than Profile d at z/b=95%, as can be seen from Table 2 , so the thickness leads to a minor bubble at leading edge. When the distributions of pressure coefficients at z/b= 33.3% compare with the values at z/b= 66.6%, it can be said that the distributions of pressure coefficients have not been affected by the changing of profile model. The changes of velocity with streamline on the wing model for different AoA and different AR values are given in Table 4 . It is seen from the table that the velocity streamlines are flowed as laminar on the wing model until AoA=20 0 . With increasing angle of attack, the flow separation has occurred about 16° angle and the separation bubbles of flow are seen at 24° angle for all AR values. Moreover, the bubbles are quite clear for 1.1 and 1.3 AR values, while the bubbles are less obvious for the other AR values. When looked the streamlines at the high angle of attack, it can be seen that the separation of flow is generally more obvious with the increasing of AR values. In addition, it can be observed that the flow separations start in the moderate of the up surface of the wing and in areas near the trailing edge. Moreover, it can be seen the figures that the vortexes of wingtip have become strong with the decreasing of AR values and the increase of angle of attack. This result matches the results of the study [5] .
CONCLUSIONS
In this study, the influence of aspect ratio on the aerodynamically performances and flow separation behavior were investigated on a model wing made up four different profiles. The experimental and numerical studies were carried out at different angles of attack (AoA) ranging from -4° to 40° and at the 2x10 5 Re on wing models having different aspect ratios (0.7-1.3). The main results obtained from the studies are presented below.
With the variation of aspect ratio, relatively small changes have formed in C L /C D on wings which have 1.0 AR and less, but crucial increases have formed in between 1.1-1.3 wings. So, the highest C L /C D ratio has been measured as 6.85 from the wing with AR=1.3 at AoA=7 0 . These results show very good compatibility with the results of some studies [2] in the literature.
The rising in AR values caused a boost in the coefficient of lift and relatively small descent in the coefficient of drag. So, the increasing of AR values leads to an increase in the ratio of C L /C D , which is coherent with literature studies.
Similar to the study of literature [5] , with increasing of AoA, it was seen that the tip vertexes becoming bigger and stronger. Moreover, the flow separated from the upper surface about 16 ° angles and the separation bubbles have formed at 24°-320 for all AR values. From the pressure coefficient graphs, it is seen that a portion of this separated flow tends to re-attached on the surface.
The increase in AR and in AoA triggered the flow separation. It was observed that the size of the separation bubbles occurring at high angles increased both in transverse and longitudinal direction as AR increased.
